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GANDHUrS TALISMAN 


“1 will give you a lalisman.Whenever 
you are in doubt or when the self 
becomes too much with you, apply 
the following test : 

Recall the face of the poorest and 
the weakest man whom you may 
have seen and ask yourself if the 
step you contemplate is going to be 
of any use to him. Will he gain 
anything by it ? Will it restore him 
to a control over his own life and 
destiny ? In other words,will it lead 
to Swaraj for the hungry and 
spiritually starving millions ? 

Then you will find your doubts and 
your self melting away.” 


















Theme VI 


Solids and Semi-Conductor Devices 


TOPIC I pn JUNCnON DIODES 

d,l (Demonstration): Familiarisationof vari¬ 
ous types of pn junction diodes, junction di¬ 
ode, 7ener diode, light emitting diode (LED), 
photodiode and solar cell. 

Components For the purpose of this demon¬ 
stration, following diodes should be obtained 
Thieepn junction diodes (IN 4001, BY126, 
and 0 A79), three LEDs (one green, one red and 
one orange), two zener diodes (one of 3V and 
one of 5, IV breakdown voltage), one photodi¬ 
ode and one solar cell. 

Try to distinguish these diodes by observing 
then shapes. In some of these diodes, a silver 
ling is shown on one of the ends. This end of the 
diode is cathode and the other anode. In some 
cases, the symbol of the diode is painted on the 
body of the diode Remember, the direction of 
the arrow is the direction of the current flow. 
Hence, the side from which the arrow starts is 
anode and the side towards which the arrow 
ends is cathode, Some diodes are bullet shaped 
in which case the flat side is anode and the 
rounded side is cathode. In the case of LED, the 
short lug is cathode and the long lug is anode, 
The relevant technical data for some of these 
diodes arc given in appendices, 


6.2 (Experiment) : To study the forward 
charactei istics of a pn junction diode and de¬ 
termine the static and dynamic resistances 
using the characteristics. 

Components and apparatus. One diode (0 A79), 
one half-watt resistor (0.5 kQ), one variable 
voltage source (0-3V), one voltmeter (0-lV), 
one key and one ammeter (0-20 mA), 
Procedure 1 To find the forward charac¬ 
teristics of a diode, connect the circuit as shown 
in Fig. 6.2 (a) 



2, Start with diode voltage = 0.1 V and note 
the current I flowing in the circuit. 

3. Vary Ihc m ..c; vopru: so thatiou get V 
= 0,2V.N;;:eilN ciinj'i'ir,' r.g \jlue el I No'a 
vary diode \ OiUigc ir. jirall ji.,i not: I'ai’d 
coiTespor..lii ' .I'c;? ol / Rlu'IiI the rcatiire- 
ments in the table given below : 
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TABLE 6 2 


y 

I 

Log / 

A 

(Voll) 

(mA) 


(fJ) 

0.1 




02 





4 Plot a graph between V and/ You get the 
forward characteristics of tlic diode as shown in 
Fig.'6 2(b), 



5. To find the dynamic resistance of the 
forward biased diode, choose a small portion of 
the linear region of the characteristics curve 
(above knee voltage). Find AV and AI for this 
portion from the curve and calculate = AVI 
AIQ. (Note, voltage is in volt and current is in 
ampere). 

6. Find the value of stabc resistance of the 
diode at several voltages on the characteristic 
curve. This is simply V/I. 

7. Plot a graph between log / and V. This 
should be a straight line. 

Note 1 You should not increase the value of 
voltage across the diode too much. Excessive 
current flow can damage the diode if it exceeds 
us limit. Maximum pciinissiblc euiient can be 
known liom the technical data available. 

Note 2 If a vai lable power supply is not avail¬ 
able to cover O-iOV, then two dry battciy celE 
or accumuhuois «an be used only foi foiwa. J 


charactci'istics. A rheostat or a carbon potenti¬ 
ometer connected in parallel with the batteries 
as shown in Fig 6 2 (c) give us a variable 
voltage source. 



Note 3 ■ Wlicn you reach the knee voltage, the 
voltage steps may be reduced. This increases the 
accuracy of the characteristics curve 
Note 4 If the time is available, the same experi- 
mentshould be repeated with the diodeB Y126. 
This will give you the knee point at a different 
voltage (Recall that the knee voltage for silicon 
diode IS 0.7V and germanium diode is 0. 3V). 
Actually, for finding I-V characteristics, any 
available pn junction diode can be used. How¬ 
ever, OA79 is being suggested simply because 
its reverse breakdown voltage is small com¬ 
pared to that belonging to other senes in which 
case to reach the breakdown voltage, while 
finding out the reverse characteristics, you re¬ 
quire a very high voltage (« 500 - 600 V) power 
supply 

Notes ■ If a voltage V is applied across thejunc- 
tion, the total current flowing through the diode 
can be written as. 


I 


= I 


( ( 

exp 

V 


eV 





(6.2a) 


Where/^ IS the reverse saturation current, e is the 
electron charge' (/ 6xl0~‘^ C), Ic^ is the 
Boltzmann’s constant (/ 38x10'^ J/K), Tis the 
absolute temperature and n is a constant charac¬ 
teristics of a material For germanium n = i and 
for silicon its value is approximately equal to 2. 
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If the diode is forward biased, V is taken to be 
positive and in reverse bias it is negabve At T 
300 K, I conies out to be 

and when the diode is sufficiently forward bi¬ 
ased, the unity in thebracket can be ignored.'The 
value of n can be found out as follows using the 
measurements taken above 

Plot a graph between log I and V for suffi¬ 
ciently forward biased conditions From equa¬ 
tion (6,2b), ignoring the unity in thebracket, we 
get 

log / = log (6.2c) 

The slope of the curve (log Fj/V would give 
39/n. Thus the value of n can be evaluated. 
Spend sometime in plotting the above graph and 
find the value of n and conclude whether the 
diode is of silicon or germanium. 

6, The ideal diode equation (6,2a) shows that 
the magnitudes of both forward and reverse cur¬ 
rent depend on temperature The reverse satura- 
bon current also depends upon temperature 
Actually, is found to be doubled for every 
10°C rise in temperature Thus, the temperature 
dependence of the diode current is more pre¬ 
dominant due to I 

o 

The forward characteristics at room tem¬ 
perature have been obtained above. The same 
experiment can be repeated at a higher tempera¬ 
ture of the diode which can be achieved by 
keeping the bit of a hot soldering iron near the 
diode. Plot the I-V characteristics thus obtained 
on the same graph paper on which the I-V curve 
atroom temperature has been plotted Conclude 
your results, 

You would note that the diode current m- 
creases with temperature if the diode voltage is 
kept constant. Conversely, if the diode current is 
kept cons'tant then the diode voltage decreases 
with temperature 

The temperature effect is more predominant 
in germanium diodes than in silicon diodes. 


since the reverse saturation current in the former 
is very much greater than that in the latter That 
is why germanium diodes are seldom used at 
high temperatures. The germanium diodes can 
withstand temperatures upto 100°C, while sili¬ 
con diodes can be used up to 200® C. 

6.3 (Experiment): To study the reverse char¬ 
acteristics of a pn junction diode and deter¬ 
mine tlie static and dynamic resistances us¬ 
ing the characteristics. 

Components and apparatus One diode (OA79), 
one half watt resistor (0.5 k£l), one variable 
voltage source (0-50 V), one key and one 
ammeter (O-lOOpA) 

Procedure 1. To find the reverse characteristics 
of the diode, connect, the circuit as shown in 
Fig. 6.3 (a). 



2 Now apply voltage across the diode in 
steps of 2 V and note the corresponding value of 
I. Record the measurements in the table as given 
in Experiment (6 2), 

3- Plot a graph between V and/. You get the 
reverse characteristics of the diode as shown in 
Fig. 6 3 (b). 



Fig 6 3 (b) 
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Note In this case, the diode voltiigcmaynotbe 
measured using a voItmcLcr since the resistance 
of the diode in inverse biased condition is very 
high (in megaohnis). The supply voltage should 
be ueated as applied across the diode. If you 
have a variable voltage source upto 50 V, then 
you can observe the breakdown But make sure 
that the breakdown current should not increase 
the permitted limit 

6.4 (Actii'ity) : To check the condition of a 
diode. 

Componenls and apparatus ■ The diode, to be 
checked and a multimeter 

To check the condition of a diode, measure 
Its forward and reverse dc resistances usiiig a 
multimeter as shown in Fig 6.4 (a) and (b), 
respectively. 



If the forward dc resistance is very low and 
the reverse dc resistance is very high, then the 
diode is in working condition. If both the for¬ 
ward and reverse resistances are low, the diode 
is shorted out. If both the resistances are high, 
the diode is open If Ihereverseresistance is not 
sufliciently high, the diode is leaky. Avoid 
using low range QfTcsistanccs,e g. Rxl0,in the 
muldmeter m testing the diode. Some multime¬ 
ters may produce excessive current to burn out 
the diode. Higher scales prevent excessive cur¬ 
rent. Note also that in most multimeters when 
the resistance is measured, the positive terminal 
of the meter corresponds to the negative termi¬ 


nal of the iiitcinal voltage souice 

6.5(Activity): To demonstrate unidirectional 
property of a pii Junction diode 

Components and apparatus A 6V voltage 
source, a key, a pn junction diode and a 6 V 
60 mA bulb 

You haveleanu that a pii junction diode con¬ 
ducts only when it is forward biased, i.e. anode 
IS positive with respect to the cathode This 
unidirectional property can easily be demon¬ 
strated using the circuiLs shown in Fig. 6,5 (a) 
and 6 5 (b). 



6V 

BULB 


Fig 6.5 (b) 

Connect the circuit as shown in Fig. 6 5 (a). 
When tlie circuit is switched on, the diode con¬ 
ducts as ills forward biased Therefore, Ihebulb 
glows. 

Now change the polarity of the battery as in 
Fig 6.5 (b) The anode is negative with respect 
to the cathode. The diode docs not conduct as it 
is reverse biased Therefore, the bulb does not 
glow This shows that the diode conducts only 
when the anode is positive with respect to cath¬ 
ode. 

6.6 (Activity): To construct a power supply 
with a shunt capacitor filter, (Choose your 
own specification), ' 

Components and Apparatus A 6-0-6V step 
down transformer, two pn junction diodes 
IN4001, one resistor. 
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The unidirectional characteristics of pn junc¬ 
tion diodes are exploited in the rectifier circuits 
which convert ac voltage into pulsating dc The 
circuit of a full wave rectifier is shown in 
Fig 6.6. 



Fig 6 6 

Suppose you are trying to construct a power 
supply with an approximate output of 7 5 V and 
current of 10 mA. For these specification.s you 
require a 6-0-6 V step down transformer. Since 
the transfonner rating is inrms values, the peak 
voltage available from the secondary of the 
transformer would be 6 x ^2 = 8 4 V. 

A voltage of approximately 0 7V is dropped 
across the diode, so the peak value of the voltage 
available at the load will be = 7.7V Therefore, 
a transformer of 6-0-6 V rating suits for the 
purpose. The current flowing in the circuit 
depends upon Rj^. If you want 10mA current to 
flow, then = 7 7V/10mA = 770n. 

By connecting a capacitor of sufficiently 
large value, say 1000 pF, across Rj^, wc can 
smoothen the output voltage. The large value of 
C is choosen to make thoRC time constant large 
compared to the time of the half cycle of the ac 
mains voltage With large time constant, the 
capacitor takes longer time to discharge, Here 
the capacitor charges to the peak voltage. While 
beyond the peak point the rectifier output de¬ 
creases as rapidly as m die ougmal ac mains 


voltage, the capacitor voltage drops exponen¬ 
tially During a certain time interval, the capaci¬ 
tor voltage is more than the rectifier voltage 
After reaching zeio, the recufier voltage rises. 
Atacertain time, therectifiervoltage equals the 
capacitor voltage which is not yet fully dis¬ 
charged Then the capacitor charges to the rec¬ 
tifier voltage which increases to the peak value, 
This goes on. The capacitor, m this circuit, acts 
as a fil ter and reduces the variations in tlie ou tput 
voltage The rcctifiei coupled with the filter is 
known as the power supply (The variation in 
the output voltage without and with the capaci¬ 
tor filter may he observed using a CRO as 
describedlatenn demonstrations 6.22 and 6 23) 
Designing a simple power supply should be 
undertaken as a project For this project, you 
require a step down centie Lap transformer, two 
diodes IN4001, a resistor andacapacitor. Try to 
make a power supply with a shunt capacitor 
filter to give 12 V and 20 mA output (Hint. Use 
a9-0-9V centre tap transformer), 

6.7 (Experiment): To find the characteristics 
of a zener diode and to determine the revei se 
breakdown voltage, 

Components and apparatus One zener diode 
(3 6V), one resistor (500 £2, 1 W), one variable 
voltage source (0-5V), two volt meters (0-lV 
and 0-5V), two milhammeters (0-100 mA and 
0-10 mA), and a key 

Procedure 1. Connect a circuit as shown inFig 
6.7 (a). 



2. Perform the experiment as in steps 2,3 and 
4 of Experiment (6 2) and obtain the forward 
characteristics of the zener diode. Tabulate the 
measurements as in that experiment 



6 


PHYSICS LABORATORY MANUAL 


3. Now connect the circuit as shown in Fig 6 7 
(b) and note / for various values of V (as in step 
2 above) and plot / as a function of V to obtain 

R 



Fig, 6,7 (b) 


the reverse characteristics of the zener diode. 
Tlie forward and reverse characteristics would 
be as shown in Fig, 6 7 (c) Find the break¬ 
down voltage from the curve and calculate 



Fig 6.7 (c) 


the circuit as shown in Fig 6 8 If the power 
supply voltage rises, it tends to increase the 
This results in the increase in the zener current 

Theiefore, the total ciiiTent / = / + /^ also 
increases Because of the increase in the total 
current/, the drop across R also increases. The 
increase in the drop across R, with proper de¬ 
sign, should be equal to the increase in the 
supply voltage V Therefore, the will drop to 
its original value If the supply voltage de¬ 
creases, then /^ also decreases resulting in the 
decrease in the total current. Because of the 
decrease in current /, the drop across R also 
decreases, thus maintaining the predetermined 
level of the V . 

out 

Now suppose that the supply voltage V is 
constant and the load resistance is to be varied 
maintaining the F to be constant. For constant 
supply voltage and constant the drop across 
R should be constant for which the'total current 
I should be fixed even if the load current is 
varied.. Assuming that I is constant, 1^ = 1 -1^ 
The zener diode should be so chosen that its 
voltage F = When^ changes, the F„„^ tends 
to change which effects the /^ to change. The 
change in / compensates the change m 1^. Clearly, 
if decreases, / increases and vice versa. 

Thus the zener diode is used to give a con¬ 
stant voltage even if the supply voltage changes 


6.8 (Demonstration) : To demonstrate the 
use of a zener diode as a voltage regulator. 
Components . A variable power supply (O-SV), 
a zener diode (3 6V), SOOil resistor, a 1 kQ 
carbon potentiometer and three milliammeters 
and a voltmeter. 


or if the load resistance is varied. The value of/! 
can be calculated wi th the knowledge of F, /and 
F„„ as follows R = [V~VJII. 

Try to check the regulation using the above 
circuit Take a resistance box as a variable 
resistor if the carbon potentiometer is not avail- 


Suppose, you want a 
regulated output of 3 6V 
across a load of 1 k£2. 
You have a dc power 
supply the output volt¬ 
age of which can be var¬ 
ied but Its ohtput is not 
very stable Take a 3.6 V 



zener diode and connect 


Fig 6 8 
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able. If you do not have a power supply, try with 
lead accumulators or other batteries the voltage 
of which can be varied using voltage divider 
circuit as explained earlier with Fig 6.2 (c) 
Procedure , 1 Keep the load resistance con¬ 
stant, say 1 kf2, and vary the supply voltage. 
Check whether you get a constant 3 6 V output. 

2. Note the region of the supply voltage in 
which the constant output is available 

3 Keep the supply voltage fixed so that you 
get the = 3.6 V Then vary the load resis¬ 
tance and check whether you get a constant 
3 6V output. 

4. Note the region of the load resistance in 
which the constant voltage is available 

5. Conclude your result 

By using a zener diode of appropriate vol tage 
(as desired for your application) across the out- 
putofapower supply explained earlier in Activ¬ 
ity (6.6), we get a regulated power supply. 

6.9 (Demonstration) : To demonstrate the 
characteristics of a photodiode and to show 
that the current flowing in the circuit in¬ 
creases with the intensity of light incident on 
the photodiode, 

Components and apparatus One photodiode, 
one voltage source (3V), one microammeter (0- 
100 l-lA), one resistor (100 Q, 0.25 W), one key 
and a source of light (say a table lamp) 
Procedure 1. Connect the circuit as shown m 
Fig 6 9. Note that the photodiode is reverse 
biased, 

w 



Fig. eg 


2. Illuminate the photodiode using the table 


lamp You will find that the current as seen 
through the ammeter rises very fast and assumes 
high value. Now block the light using your 
hand, the current decreases In fact, for various 
positions of the hand, different values of the 
current are obtained depending upon the inten¬ 
sity of light incident on the photodiode. The 
experiment can be demonstrated using sun rays 
also. 

Note. You should find the I-V characteristics 
(both forward and reverse) of the photodiode, as 
described above for a pn junction diode, in dark 
(i e. by covering the diode by a black paper so 
that no light falls on it) and in light. Illustrate 
your results 

6.10 (Demonstration); To demonstrate the 
functioning of a light dependent resistor 
(LDR). 

Itisphotoscnsuive device madeof semiconduc¬ 
tor The construction of an LDR is shown in Fig 
6 10 (a) 



pieceof semiconducting material (silicon). When 
lightis made incident on it, the free electrons are 
generated which act as chaige carriers. The 
larger is the number of electrons, the larger is 
number of charge earners When kept in dark, or 
covered with hand, the resistance of the LDR is 
very high, As light falls on it, its resistance 
decreases due to the reason pointed out above. 
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The larger the intensity of light, the smaller isits 
resistance This cffectcan be demonstrated using 
a circuit given in Fig. 6 10 (b). Cover the LDR 





Fig 6.10(h) 


With your thumb and note the current I Remove 
your thumb and note I in room light. Now take 
a table lamp with a regulator. Note the current I 
for atleast four intensities of light Calculate the 
value of resistance R of LDR for each measure¬ 
ment Note iltat the resistance decreases with the 
increase in the intensity. If the Lable lamp with 
regulator is not available then you can perform 
Lhe experiment at different places in tlie room, 
say near the window, near the room 1 amp, in die 
sun, etc. 

6.11 (Demonstration): To demonstrate the 
characteristics of an LED and to show' how 
intensity of its glow Increases. 

Components and apparatus. One LED, one re¬ 
sistor (200 Q), one variable voltage souice (0- 
5V), one ammeter (O-lOO mA), one voltmeter 
(0-5V), and one key. 

Procedure: 1. Connect the circuit as shown 
in Fig, 6,11, Note that the diode is forwaul 
biased 


R 



2. Keep the diode voltage equal to 0,2V and 
note the value of the current I flowing in the 
circuit. Increase the diode voltage in stops of 
0,2V and note the corresponding values of the 
cuirenll and simultaneously observe the illumi¬ 
nation 

Note that the LED starts glowing only when 
the voltage across it is more than 1,2V. Initially 
the glow is faint. However, as you increase the 
diode voltage V, the LED becomes brighter and 
brighter. Note also diat when you reverse bias 
the LED, it docs not glow. 

Take some measurements as in step 3 of Ex¬ 
periment (6 2) so that you can plot the forward 
brnsf-Vcharactenslics and mention Lhe pointon 
the curve when the diode starts glowing 
Note When using an LED as an indicator, use 
the following formula to determine scries resis¬ 
tance for vai lous voltages. /? = (L -1.7)//, where 
R IS the resistance m ohm, V is the dc voltage in 
volt, and/ is the LED emrent in ampere. For/ = 
20 mA, It comes out that/? = 220Q for 6 V,R = 
390a for 9 V and;? = 560a for 12 V 

6,12 (Experiment): To find the characteris¬ 
tics of a solar cell for at least four val ues of the 
intensity of light incident on it. 

Components and apparatus One solar cell, one 
tabic lamp with a regulator Onercsistanccbox, 
one voltmeter (0-5V), and one ammeter (0-100 
niA) 

Procedure' 1 First cover the solar cell with a 
black paper so that it is in dtuk. Connect the 
voltmeter across it and note and record the open- 
circuit-volhige as is shown in Fig. 6,12 (a) 

2. Short Lhe terminals of the solar cell Llirough 
an ammeter, Fig 6,12 (b) and note and record 
the short-circuit-current I 

tc. 



(a) ■' (b) 


Fig ,6 11 


Fig. 6.12 (.1) 


Fig 6,12 (D) 
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3. Remove the black paper. Repeat steps 1 
and 2 to note and record K ^ and in the room 
light. 

4 Then connect the circuit as shown in Fig. 
6 12(c) and note V and/in room light for at least 
six values of R. Tabulate the measurements 
taken in steps 3 and 4 as in Table 6 12 



TABLE 6 12 


Measurements in room light 


R 

T 

/ 

a 

mV 

mA 

1 

Open Circmt 



1 

Short Circuit 

i 

t— - — - - 



5. Illuminate the solar cell using the table 
lamp with the regulator a,l its minimum and 
repeat steps 3 and 4 

6. Repeat step 5 for at least two more illumi¬ 
nations, say with regulator at its middle and 
maximum. Tabulate the measurements and 
conclude the result 

7. Plot a graph between voltage and current 
for each illumination on the same graph paper 
You should expect the curves as shown m 
Fig 6.12 (d) 

8. Find the point on each curve for which the 
power (VI) IS maximum. Conclude your results. 
Note: If you do not have a table lamp with a 
regulator, the experiment can be done at four 
places, say ne^ the window, outside the room, 
etc where the intensity of solar radiation will be 
different 



Fig 6 12 (d) 

TOPIC n JUNCTION TRANSISTORS 


6.13 (Demonstration) ; Familiarisation of 
various types of transistors (audio, r.f., low 
power and high power). 

Components one transistor each of the follow¬ 
ing numbers BC147, BC148, BC157, BC158, 
BF197, SLIOO, AC128, BF107 (Some more 
numbers may be added and their data should be 
given) 

Try to distinguish these transistors by their 
shapes and external features Try to remember 
their numbers and applications Each transistor 
has tliree lugs of the same size (m general). In 
some transistors a dot or some mark is put on the 
body near one of the lugs This lug is the emitter 
As a matter of fact, there is no fixed rule to 
identify as to which lug is emitter, base or 
collector. You should always refer to the base 
diagram given in the data manual The base 
diagrams and the relevant technical data of 
some of the most common transistors are given 
in appendix 16. 

6.14 (Experiment): To study the character¬ 
istics of a common-emitter npn or pnp tran¬ 
sistor and to find out the values of current 
and voltage gains. 

Components and apparatus. One transistor 
BC147, two ammeters (0-100 |tA and 0-20 
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m A), two vol OimcLci s ^0- 
IV and O-lOV), two 
power supplies (0-3V 
and O-IOV) and two re¬ 
sistors. 

Procedure: 1. Connect 
the circuit as shown in 
Fig 6 14 (a) Note that 
the base-to-emiltcr junction is forward biased 
and the collector-to-base junction is reverse 
biased. The emiiler is common to both the input 
and output sides of the circuit 

2 To obtain the input characteristics of the 
tiansistor, keep the value of the fixed (say 
2V) Choose equal to Q 1V and note 7^ 

3. Now keeping the value of fixed at2V, 
vary in steps of O.IV and for each value of 
note Care should be taken while taking 
the measurements when the/^ starts increasing' 
rapidly, Tabulate your results 


TABLE 6 14 (A) 

DS 

7„mA 

'^c. = 2V k,,= 10V 


i 


4. Repeat step 3 by keeping fixed at lOV 

5 Plot a giaph with on the x-axis and 7^ 
on the y-axis Measurements obtained in step 3 
and4 shouldbcplotted on the same graph paper 

6 Conclude your results. You find that the 
nature of the curves obtained in step 5 is same as 
that of a forward biased pn junction diode. 
Further, you should notice that the effect of the 

on thcchiuacteristic curve is very marginal. 

7 To obtain the ouipiu characterisncsoi the 
common-cmittcr transistor, keep the value of 
the7^j fixed ai the lowest. Note the value of7^ as 
a function ol with 0, 1. 2, 3. . . 
lOV Tabulate your results 


Fig 6 14 Ca) 


TABLE 6.14(B) 


V V 

inA for 











8 Repeat step 7 with at least six values off^ 
and Its highest value should be sul'liciently 
greater than its lowest value, say at least 20 
times. 

9. Plot a graph with on the x-axis and 7^ 
on the y-axis lor one value of7^ Now plot vs 
7_. for all the values of 7^ on the same graph, 
paper, The family ol cuivcs that you get is the 
output characteristics of the common emitter 
transistor and will be as shown in Fig, 6.14 (b) 



10 Conclude your results. You find that for 
a given value of 7^, as the increases the 7^ 
lirsl uses lO a maximum value and then it 
becomes almost independent of the V^,.. Fur¬ 
ther, the value,of/j, mcrca.scs with the increase 
in Ihc I,, 




SOLIDS AND SEMI-CONDUCTOR DEVICES 


1 KJL 
vVWvV— 


11 


Note Thecharacicuslics 
curves oblaincd iii sicp 5 
and step 9 arc dynamic 
inputcharacteiistics and 
dynamic outpul charac- 
lerislics of a common 
cmiLlcr iransKSIor The 
resisLois used in ihc cir- 



Fig, 6.15 



cull arc basically to control the cuircnt so as lo 
avoid the bum-out 01 any damage to the transis¬ 
tor Ifno resistor IS used in the ciicuitandabovc 
experiment IS pci Coi med, then the chtu actcrisiic, 
curves HIc known as the static inputchaiacieris- 
tics and static output characteristics While 
oblTining the static characteristics, extia care 
has to be taken to avoid any damage to the 
transistor due to a large How of cuirent beyond 
the pcrmi.ssiblc limits 

11 Now to find the value of the ctinenl gam 
(3 (which you know is the ratio at con¬ 

stant choose a value of say 5V, and 
choose two curves corresponding to two values 
off^ as shown in the Fig, 6 14 (b) At 5V points 
on these cuivcs find the values of thefrom the 
graph. The ratio of the dilfcrcncc between the 
two values of the to the difference between the 
two values of the/^ gives you the value of [3 at 
= 5V Find P^at ihiee values of by 
choosing cuivcs lor dilfcicnt values of 1^, And 
conclude yoiii results 


therefore (because = p/^, = 0) Hence 
entire appears across the transistor, i.c, 

- The transistor is m cutolf suite 

3. S tart increasing the value of m steps of 
0 1 V Emitter base junction is forward biased. 
And for each value of note 7^^, and 
Note the range in which collcc tor-base junction 
icmaiiis reverse biased Wlicn the emitter-base 
junction IS forward biased and the collector- 
bascjunciion is reverse biased, the transistor is 
in active mode iTote that the decreases with 
the rise in V^j. or 1^ 

4 Increase further the value of and note 

and and find a point beyond which 

> Fpj.. In this case, both the junctions are for¬ 
ward biased The transistor is in the saturation 
state 

5 Tabulate your results and mtuk the tliiee 
par Is of the table as cutoff, ac live and saturation. 

6.16 (Activity) ; Another variant of experi¬ 
ment 6.15 . 


6.15 (Experiment) ; To study three modes 
of transistor action and to show how a tran¬ 
sistor goes into saturation and cutoff. 

Components and Apparatus One transistor 
BC147, one variable power supply (0-5V),one 
voltage source (5V fixed), two ammeters (one 
0-200 pA and one 0-50 mA), two volLmcLcis 
(one0-1V. one 0-5V) two resistors (200fl, and 
IkQ), 

Procedure' 1 Connect the ciicuit as shown m 
lig, 6 15 Note that the emitter is common. 

2 Start liom the bottom of inc rheostat, i e 
when = 0. Since m this case the 1^= 0, 


TheExpeiimcnt (6 15) can be clemonsu'atcd 
using a circuit of Fig 6.16, 



In this circuit only one power supply is used 
The caibon poicniiomctci, 47 kff, acts as a po- 
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tential divider. The wiperof thcpotenLiometer].s 
connected to the base of the transistor. When the 
wiper goes to one end of the potentiometer 
which IS grounded, the base voltage is zero 
resulting in zero ba.se cuircnt. The transistor, in 
this situation, goes to cutoff and the = 5 V 
When the wiper goes to the other end of the 
potentiometer that is connected to the power 
supply, the base voltage is very large. The 
transistor, in this case, goes to saturation and 
Kjj “ When the wiper is on any position 
between these two extremes, the transistor is in 
active Slate, If the output of this circuit is fed to 
the y-input of an oscilloscope, the hoiizontal 
line can be seen to be moving Irom 0 position to 
the one which depicts 5V as you move the wiper 
from position 1 to position 2 of the potentiome¬ 
ter, In the absence of an oscilloscope, a voltme¬ 
ter of 0-5V range can be connected to measure 
the This circuit essentially acLs as a switch 
and IS used to make a NOT gate (described 
later). 

This circuit neatly demonstrates tliat when 
both the junctions are forward bia.scd the tran¬ 
sistor goes into saturation. When tlie emitter- 
base junction i,s forward biased and the collec¬ 
tor-base junction is reverse biased the transistor 
is in active region, When botli the juncUons arc 
reverse biased, the iransistor goes into cutoff. 
Explain how these conditions are satisfied for 
the three modes of opeiation of a transistor in 
this circuit. Refer to tlie textbook, if necessary 

6.17 (Activity): Vi.sual display of transistor 
in cutoff. 

You have known that if the base current Ig is 
zero, the collector current is also zero (04 = 
4). For its dcinon.stration, make a circuit as 
shown in Fig fi, 17 using a 6V supply, a BC147 
transistor, a resistor of 2,5 kW and two torch 
bulbs (6V, 60 mA). When die circuit is switched 
on, the bulb glows whereas the bulb Bj does 
not. The reason is simple. The base current 



flowing through the bulb is very small and is 
insufficient for the bulb to glow Neglecting the 
emitter-base voltage ,4 = 6V/2 5 kW = 2,4 mA, 
and therefore, the bulb docs not glow This 
value of current gives sufficiently large amount 
of collector current 1^ which flows through B^, 
and therefore glows. Now take outB, from 
the circuit. What happens? Thebulb B^does not 
glow. Because now the base circuit is open, 
therefore the base current does not flow i e 4 “ 
0. Hence 4 = 0 

6.18 (Activity) : A >’ariant of activity 6.17 
using resistance of your body. 

The activity (6.17) can be repeated using an 
LED in senes with a small resistor, 200 12, to 
avoid any damage to LED You can also have 
the idea of the resistance of the human body 
Make the cneui I as shown in Fig. 6.18. When the 



rig. 6 18 


wires 1 and 2 are not joined, 4 = 0 and hence 4 
=s 0, Therefore the LED does not glow. Hold the 
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Wire in one hand and wire 2 in another You 
notice the taint glow of the diode Now hold Lhc 
wires with wet hands The diode glows but 
brightly This activity demonstrates once again 
that when there is no base current, then there is 
not collector cuirent And also, you note that the 
resistance otlcied by the body between the dry 
hands is larger compared to that between the wet 
hands 

6 19 (Activity): A variant of activity 6.18 
using an LDR. 

The aclivity (6,18) is further modified using 
an LDR as shown in Fig 6 19 When the LDR 
is kept in dark, i c, when its resistance is very 
high, the LED does not glow Howevfir, when 
light falls on it, its resistance decreases, and the 
LED glows. Try to explain Why it so happens, 
(Hint Think in which of the two situationsdhe 
base current is small or the collector current is 
Luge) 



TOPIC IE: CATHODE RAY OSCILLOSCOPE 

6.20 (Demonstration); Familiarisation of the 
working of a cathode ray o.scilloscope and 
how ac/dc voltages are measured. 

Coinponents and apparatus A CRO, a 6V dc 
balLery (or a variable powci supply, O-IOV), a 
rhcosial, a dc voltmeter (O-IOV), a transformer 
with several secondary lappings (or an audio 
generator), an ae volimetcr. 


The cathode ray oscilloscope, or the CRO as 
It is often called, is a very impoitant instrument 
It enables tis to cxhibjt the alternating voltages 
on Its scicen accurately The analysis of most 
electronic circuits require the use of CRO 
Therefore, its brief description and some of Us 
applications are being illustrated here 

The CRO essentially consists of a cathode 
ray tube which has been described in the text¬ 
book A specially constructed evacuated glass 
tube houses a cathode which is heated by a 
heater to emit a stream of electrons. The electron 
beam IS loctisscd on to a fluorescent screen 
giving rise to a baglu spot, the position and 
movement of which can be controlled exter¬ 
nally. 

The construction of a CRO is described in 
Fig, 6 20 (a) The cathode C is heated by the 
heater H whose filament is connecLed to the 
external power supply, The stream of electrons 
emitted by the disc-shaped anodes A^ and A^ 
The discs ol the anode have holes at their centres 
allowing free movement of the elections, While 
the potential of both the anodes with lespect to 
cathode i.s high, the potential of the anode Aj is 
slightly lower and variable with respect to the 
anode A^, They focus electron beam on the 
screen and the anode A, acts as a focussing con- 
mol. The focussing is done by and A^ by 
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counimcLing ihc mutual repulsion between the 
electrons of the beam The anodes Aj and act 
as a combinahon of a convex and a concave 
lenses as shown above the CRT in Fig 6.20 (a) 

The number of electrons striking Die spot 
area on the screen at 0 in a given time decides the 
brightness of spot. The numbbr of electrons 
reaching the screen is varied and hence the 
brightncssofthespotiscontrolledby acylmdri- 
cal grid G placed near the cathode and is always 
kept at a negative potential, which can be varied 
externally with lespcct to thccathode, The larger 
the negative potential on the grid with respect to 
the cathode, the smaller is the number of elec¬ 
trons reaching the s'crecn Thus the brightness 
control on the CRO’s front panel is essentially 
connected to the grid 

The entire unit consisting of heater, cathode 
and two anodes which are responsible, for pro¬ 
ducing an electron beam is called the electron 
gun The entire screen is coated with a fluores¬ 
cent material which produces bright spot of light 
when the electron beam is incident on it 

A power supply capable of producing a high 
tension of the order of 1 kV energises Uie elec¬ 
tron gun, In practice, the anode A^ which is at the 
highest potential is grounded so that all other 
poicnlials are negative with respect the ground 
The giounding of A^ is necessary for the safe 
handling of the instrument and examination of 
the screen 

To control the position of llie spot externally 
a deflecting system is provided between the 
screen and the clecpon gun. It essentially con¬ 
sist of two sets ofplatcsXj, X^and Y,, Y^in Fig 
6.20 (a) On the application ol suitable voltages 
they move the locussed electron beam to change 
Its path The plates X^, X^ deflect the beam and 
hence the spot in the X-dircclion and the plates 
Y,, Y^ dcricct the beam and hence the spot in the 
Y-dircction, Thus with suitable'Vortages on X 
and Y plates, the spot can be obtained on any 
points on the screen 


Ill general, the X-platcs are associated with 
an elecmonic circuit which creates a time-base 
(control foi which is given on die front panel of 
the CRO) to make the potential of plate X^witli 
respect to increase linearly with time There¬ 
fore. the spot moves horizontally from left to 
right with a constant velocity Then the potential 
diffcience between the X^ and is suddenly 
and as rapi dly as possible reduced to zero result¬ 
ing in the return of the spot just as rapidly to its 
original position This process keeps on repeat¬ 
ing time and again. 

The spot while travelling in X-direction with 
a constant velocity can be deflected in verticle 
direction if the potential-difference is estab¬ 
lished between Y-plates. Theverticlc deflection 
of the spot IS proportional to the applied poten¬ 
tial difference between the y-plates. Therefore, 
since the spot is moving horizontally at a con¬ 
stant velocity, the curve traced out by the mov¬ 
ing spot in one sweep will be of the same form 
as tlie graph of the potential difference applied 
to they-plaies against time. The exactrepetition 
of the applied poicntial difference in the next 
sweep essentially depends on the speed of the 
time-base, i e how fast tlie potential diffcience 
between x-plates is reduced to zero. To obtain 
the repeated and steady trace of the potential 
difference between y-plates on the screen, the 
speed of the umc base is adjusted by means of 
the frequency control which is provided on the 
Iionl panel of CRO 

Quiet often the steady trace docs not lastlong 
andildiifts Thisproblcm is solved by injecting 
a small voltage applied lo the y-platcs into the 
Lime base circuit This is achieved by an elec- 
li onic circu It, the necessary adjustment o f which 
is done by the synchronising control (also avail¬ 
able on the front panel). It i.s known as internal 
synchronisation. The time base circuit can be 
con ti ol led ex tcrnal 1 y usi n g a Si gnal of appropri- 
aic value. For this Ihc CRO is switched on the 
external synchronisation and in this Situation 
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inLcrnal synchronising ciiCLiJlbccoincs (iiopL-i a- 
tivc The exiernal signal is led lo the x-iiipiiL 
Thcacsignal Lobe analysed is fed Lo Lhcy-inpuL 

To measure Llic weak signals, ihcy arc tiisi 
amplilicd so LhaL Llicy can be displayed on ihc 
CRO sciccn The gain ol lliis ainplilicr is con- g 
irollcd by y-scnsiLi\ iLy knob. Thiough x- and y- 
shifL conliols small s'ollagcs aic applied lo ob- 
Lam Lhe steady position of the spot at any place 
on the screen The CRO, thus, consists of a 
cathode ray tube and the entiic electronic cir¬ 
cuitry for focussing, brightness eontiol, time 
base, synchronisation, etc and supplying volt¬ 
ages to the clcciron gun and the circuit. 

Now in the market, dual tiacc Qscilloscope.s 
arc akso available which arc used to comiiaic 
two aignaks simultaneously In such oscillo- 
scopc.s, the electron beam is split into two halves 
and aie controlled by the same tune base 
(i) To demonstrate the mcasuicmcnt ol dc volt¬ 
ages connect the cucuiL as shown in Fig. 6 20 
(b), Switch on the CRO and obtain a stationary 
spot ol light by .sw’itching off the CRO time- 
base. Set the y-scnsitivity of the CRO on an ap¬ 
propriate scale to measure the voltages. Apply 
the dc voltage,s m suitable steps to the y-mpiit 
and in each ease measure the length 1 ol deflec¬ 
tion of the spot 00' And also mcasuic the volt¬ 
ages using a dc voltmcici as shown in Fig 6.20 
(b).PloLagiaphbctwcciUhc length 1 (ony-axis) 
and applied voltages V (on x-axis). You will get 
a stiaighL line as shown m Fig 6 20 (c) This 
means that the length of dencction of the .spot is 
directly propoi tional to tlic appiicd dc voltages. 
The slope of the giaph AB/CD gives you the 
deflection sensitivity in mm pci volt (mmV’’) 


JTl 
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< 

■< 


■"To"' • 

_ 1 ■ O 

^ 0 


1_ 

—^ • • 


CRO 


I'lH fi.20(lij 
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Note • You cun also use a variable powci supply, 
il you have one, in place of the battery and its 
potential divider 

(ii)Todomon.strate theincasuieiiicntol ac volt¬ 
ages, cojiucct the ciicuit as showm in Fig '6120 
(d) Swiicli qn ihc CRO and obtain a suitiontu-y 



iMj;. 6 20 (d) 
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AUDIO 
SIGNAL ( 
GENERATOR 


RMS APPLIED 
VOLTAGE V 

1>'|R. 6 2(1 (c) 

spot of liglil by swuch- 
ing off ihc CRO Umc- 
busc, Set the y-scnsitivuy 
of the CRO on an appra- 
priaLe scale to mcasui'c the 
voltages Apply the ac 
voltages to the y-inpiit and 
in each ease measure the 
length 1 ol tlcflcetion of 
the spot 0 0" And also measure the voltages us¬ 
ing an ac voltmeter as shown in Fig. 6.20 (d). 
Plotagraph between the Icnglli I (on y-axis) and 
applied voltages (on X-axis), You will get a 
straight line as shown m Fig, 6.20 (c) The slope 
of the grapli 

AB/CD gives the dcllcclion .sensitivity in inm 
per volt Notice that it is 2 V 2 limes the deflec¬ 
tion sensitivity obtained while measuring dc 
voltages, This is because (a) the spot deflection 
00 ' and 00" arc for positive and negaiive peaks 
of ac voltages (hence 1 iscorrc.spondlng to twice 
the magnitude of peak voltage), and (b) die ac 
voltmeters mca.surc rms values of the applied ac 
veil ages. 

Note: You can also use an audio generator, if 
you have one, in place ol the transformer wiih 
several secondary tappings. The audio signal 
goncralor is an ac source of voltage, Bui while 
using illorthiscxpcrimcnt.ilsfrequeney should 
he kept constant all ihroiigli ihc experiment. 

6.21 (Demonstration)! To demon.vtrate the 
plUKSC clilTenmce using a CRO. 

Components and apparatus: A CRO, a resi.stor 


(1 kO), a capacitor (5p.F), an audio signal gen¬ 
erator. 

In Chapter 8 on ‘Alternating Current Cir¬ 
cuits' of NCERT’s Clas.s XII Physics textbook, 
you have learnt about the phase difference be¬ 
tween the voltage across _R, C, and L when their 
combinations me connected to a single ac volt¬ 
age source The phase difference can be demon¬ 
strated using a (TRO 

Connect a ciicuit as shown in Fig 6.21 (a) in 
which a signal voltage v ^ is applied to the input 
of LhcRC network. This signal is also connected 
to the y-inpul of the CRO The voltage v -splits 
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into two components, (i) v^-across the capacitor 
C(]agginghchindby9()'^ to thci flowing through 
it) and (ii) across the resistor R (in phase with 
the current 1 ) The voltage is connected to the 
x-inpui. An cllipiica; pattern results on the CRO 
screen fiom which the phase angle between the 
voltage V-'^ and ilie applUfCt voltage R can be 
dcicnnincdasshowninFigib 21 (b). Find phase 
angle by interchanging R and C in the circuit 

y-axis 



x-axis 


Sin 0 - ±~ 
0 


hTg, f).2l (hi 
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Try to dcmonstraie iho phase difference 
using various combinations of L,C, and R, and 
conclude your results. 

6.22 (Demonstration) :Totracetlieoutputof 
a (i) half M'aN'e rectifier and (ii) full wave 
rectifier. 

Componenis' A transformer 6-0-6 V, two di¬ 
odes IN400] a resistor 1 kQ. 

(t) Connect the circuit for the half wave 
rectifier as shown in Fig 6 22(a) The centre tap 
IS not used So the ac mams is stepped down to 
12V, Choose CRO’s appropriate voltage scale 
since you expect moic than 16V as the peak 
ou tput, The outpu L across tire load is fed to the y- 
inputof the oscilloscope. You will get the recti¬ 
fied output of the half wave recdfier dittplayed 
on the screen. Note that every alternate half 
cycle IS missing. Trace the pattern on a tracing 
paper 

(ii) Connect the circuit as shown in the Fig 

6.22 (b) In this case the centre tap.is used, 


Lhcicfore the ac mams voltage is stepped down 
to 6V. Choose CRO's appiopriiite voltage scale 
Since you expect to get more than 8V peak 
output. The output voltage across the load is fed 
to the y-input of the CRO, You will get the 
rectified output of the full wave rectifier dis¬ 
played on the screen Note thatin this case every 
half cycle is present, Trace the pattern on a 
tracing paper, 

6.23 (Demonstration) : To demonstrate the 
use of capacitor filtei with (i) half wave rec¬ 
tifier and (ii) full wave rectifier. 

In addition to the componcrils which are 
requiicd in the previous demonstration, you 
need a high value elcctiolytic capacitor, say 
1000 pF 25 V. 

(i) Shunt the load resistor R of the half wave 
rectifier of Fig. 6 23 (a) with a 1000 pF electro¬ 
lytic capacitor as .shown in the Fig, 6.23 (a). 

Choose CRO’s appiopriate voltage scale as 
done previously and connect thcoutpul across C 
to the y-inpuL of the CRO The filtered outpat of 
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LhccircuiL Will be dit.plii;)'Cd on Uicscreen Trace 
Lhc paiLcm on a [racing paper Compare ihis 
truce with that obiamcd in the demonstration 
6 22 (i) for hall wave rectifier. Notice thatw'hile 
the vailation at voltage in the lornici is very 
small, the vtiriation of voltage in the latter ease 
IS large Notice al so that the peak voltage in both 
the eases remain same, 

(ii) Shunt the load resistor R ol the lull wave 
rcciil ler ol Fig, 6 22 (b) with the same capacitor 
as shown in Fig 6 23 (b). Choose CRO’s appro¬ 
priate scale and connect the otilput across’ C to 
the y-input of the CRO. The liltercd output ol 
thcciicuitwillbcdisplaycdoiUlicsciecn Trace 
the pattern on a tracing paper Compaic this 
trace with that obtained in the previous dcnion- 
straiion for lull wave rectifier, Compare’all the 
four traces and conclude whicli one ol the four 
traces has minimum variation.s iii die output 
voltage. 


6.24 (IDeninnsli ation) : To .study a common- 
tiiiitteranipliliL'riiiul to plot a graph between 
gain and fiLHiuenc}' of the signal. To explain 
the use of coupling capacitors. 

Componenis Auaiisistor BC147,4 resistors,3 
capaciiois, a iiowci supply (10 V), and audio 
signal gciicratoi, an oscilloscope, 

The circuit given in Fig 6,24 (a) is most 
coinniunly used as common-cmitier amplifier 
with potential di\'idei biasing network The 
ro.sistois'R, and R^aci as a potential clividcr R, 
IS the c'ollcctoi loud icsistor. The voltage ap¬ 
plied to the basc-ciiiiitcr junction is the algc- 
biaic clillcrence ol voltages acioss R^and R., 
Whiledcsignmganamplilici ihcvaluesol these 
rcsistoisliaveiobcciuefullycalculated Asniall 
change m basccuiient lesulis in a huge change 
in the colleetoi cuiient Thcicl'orc, when an ae 
.signal IS applied to the base, the voltage drop 
acioss Rj will change due to large variations in 
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the collector current As a result of this the 
emitter-base voltage changes destabilising the 
dc biasing of the amplifier Therefore, theicsis- 
tor is shunted by a large capacitor which acts 
as a bypass of ac signal keeping the dc voltage 
drop across constant 

The capacitors Cj and are of large values 
so that they offer negligible impedance to ac 
signal and block the dc from entering the signal 
gcneraior at the input and the second stage ol the 
measuring insliumenl like CRO at the output 
For the purpose of this demonstration, lirsi 
conncclthe output of the audio signal geneiaior 
to the y-input of the CRO which has been cai her 
adjusted by you to the required voltage scale 
Check whether you arc getting the sinusoidal 
voltage and note the voltage of the signal, Check 
also whether you get fairly constantoutputlora 
wide langc of frequencies. Now you should not 
change the output volLigc of the signal genera¬ 
tor Apply the signal voltage to the base through 
Cj Note the using CRO and calculate the 
voltage gain Repeat this step lor 

frequencies ]00Hj, to 100 kH^ in suitable steps 
Calculate gain for each mcasuicmcnt Tabulate 
the results and plot a giaph between gain and the 
frequency. You can use a log graph paper loi the 
puiposc You will get a giaph ol the kind shown 


in Fig, 6.24 (b). Note that the gam falls at low 
Ircqucncics and high frequencies regions At 
low ficqucncies the impedance of Cj is com¬ 
paratively high Therefore, some signal voltage 
is dioppcd across it resulting m the decrease in 
the voltage of the signal going to the base 
Hence, smaller and low gain. At higher fic- 
qucncies, the combined capacitance ol the junc¬ 
tions and Cj appear as shunt across the load, At 
liisih licqucncics, their impedance is small, and 
tills ictiuccs the output voltage 



Tig (] 24 tb) 

6,25 (DemnnstrationJ: To denionstiate how 
the frequeiicy of a given ac signal can be 
niea.sured using a CRO. 

Components and apparatus A CRO, an ac 
signal source I'lcqucney of which is to be deter- 
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Fif. 6.2S (a) 

mined (say, an oscillaior), an audio signal gcn- 
uraloi 

The liuqucncy of an ac signal can be deter¬ 
mined m two ways using a CRO. One method is 
the comparison method which involves one 
standard signal gencratoi thcfrcqucncy of which 
is accurately known, The other metliod involves 
the use ol time-base of the CRO, Both the 
methods should be demonstrated, 

Firstconsidci the circuit of Fig 6,25 (a) For 
the purpose of this demonstration, the audio 
signal generator can be considered as the stan¬ 
dard the frequency of which is fairly accurately 
known, LetFj^ be iLs frequency. The unknown ac 
signal ivS applied to the y-platcs tlirough the 
y-input and the standard signal is applied to the 
x-plates through the x-input. Letbe the fre¬ 
quency of the unknown signal, A pattern, called 
Lissajous pattern, is obtained on the screen. 

Note T^, the number of points of tengency to x- 
axis. and T^, the number of points of tengency to 
y-axis. The frequency ratio of the two signals is 
given by the relation, 



For example, if tlie pa ttern on die sci ecn is as 
shown in Fig, 6,25 (b), = 2 and = 1 Then, 

(fy/f) ~ 2 or/j = 2/^, Since the frequency/,^ is 
known,can be determined. 

The frequency of a signal can be determined 
using the time-base of the CRO. Feed the signal 
to the y-inpul, Adjust the time-base scale so that 
you get 3 or 4 peaks of the signal, Measure the 


Va 

I 



distance between the two peaks as showninFig 
6.25 (c). Multiplying this distance by the time- 



Flg, 6.2S (c) 


base scale chosen earlier, you get the umc- 
period T of the signal. And l/T gives you the fre¬ 
quency. 

TOPIC IV', digital emeurrs 

6.26 (Experiment): To study AND, OR and 
NOT gates using diodes and transistors. 

Cotnponenis end apparatus; Two diodes 
(1N4(X)1), one transistor (BC147), two resistors 
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(2 of 2()0Q and 1 of Ikfl, half wall), one bailcry 
5V, one LED, 

Procedure: 1 To study OR Gate, connect the 
circuit as shown in Fig 6.26 (a) This gale has 
two inputs A and B and the output Y is observed 
by using the LED. As explained in the textbook, 
the negative of the battery, is taken as 0 and the 
positive is taken as 1, 

2. Connect the inputs A and B to 0 Note the 
glow of the LED. (If the LED glows it is taken 
as 1 and if it does not glow then it is taken as 0) 
Make a table and record A, B, and Y 

3. Connect A to 0 and B to I, Note Y. 

4. Connect A to 1 and B to 0. Note Y. 

5. Connect both A and B to 1, Note Y 

6. Tabulate the observations andsce whether 
the truth table for OR Gate is satisfied, 

7. To study AND Gate, connect the circuit as 
shown m Fig. 6.26(b) Note that the polarities of 
the diodes in this case are reverse and there is 
another battery of 5V connected at the output 
stage 

IN 4001 

,1 Y A®-W" 


1N4001 


2 \ 

8, Repeat steps 2,3,4 and 5 and tabulate your 
observations. Check whcthci the truth table for 
AND Gate is satisfied 

9. To study NOT Gate, connect die circuit as 
shown in Fig, 6 26(c) Note that this circuit has 
a transistor rather than diodes As explained in 
the text book, the NOT gate cannot be realised 
using diodes. Further note that it has only one 
input. 

10 Connect the input A to 0 and note Y 

11 Connect the input A to 1 and note Y 
12. Tabulate your observations and check 

whcthci thetiiith table for NOT gate is .satisfied 

6.27 (E) ■ To study NAND and NOR gates. 

Coinpoucnis and apparcuus Same as in Experi¬ 
ment (6.26). 

Procedure 1 To study die NAND Gate, feed 
the output of AND gate (Fig ,6 26 (b)) to the 
input of NOT gate (Fig 6.26(c)). This combina¬ 
tion of the two gatc.s is theNAND gate Then the 
inputs of the AND gate, i.e. A and B, are the 


sv-- 


-•Y 


:Z20IL 


Fig. 6.26 (») 


1N4001 


A 

B 


-•Y 


IN 4001 


I 


[220 SI 


[ft 

:220iL 



FIr. 6.26(b) 
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inputs of the NAND gate, and the output of the 
NOT gate is the output of die NAND gate 
Therefore, connect the circuit as shown in Fig. 
6.27 (a) which is drawn using symbols of the 
gates 

2 Repeat steps 2,3,4 and 5 of the Experiment 
(6 26) 

3 Tab ulatc the observations and see whether 
the truth table for NAND gate is satisfied 

4. To study NOR gate, >ou have to feed the 
output of OR gale (Fig. 6 26(a)) to the input of 
NOT gate (Fig 6.26(c)) 

This combination of the 
two gates is the NOR 


6,28 (Demonsti ation) : To realise different 
gates using NAND gate.s 

The OR, or AND, or NOT alone cannot give 
adiffcrcnt gate by ihcirrcpeated use, However, 
the repeated use of cither NAND gates or NOR 
gates can give all other gates like OR, AND and 
NOT Hence in digital circuits NAND gate (or 
NOR gale) serves as a building block. The 
repeated use of these gates in different configu¬ 
ration gives various digital cij-cuiis, Although, 


gate Then, the inputs of 
OR gate, i e A and B, 1 
are the inputs of thcNOR 5 y 
gate, and the output of 
the NOT gate is the out¬ 
put of the NOR gate, 
Therefore, connect the 
circuit as shown in Fig 





6 27(b), 

5 Repeal steps 2,3,4 
and 5 of Experiment 
(6,26). 

6 Tabulate the ob¬ 
servations and see 
whether the trutli table 
for NOR gate is satis¬ 





fied. 


I-iR, f..27 fh) 
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integrated circuits (ICs) of OR, AND. and NOT 
gates are available in the market, but mostly the 
ICs of NAND or NOR gates are used In the 
table 6.28, the IC numbers, names of the gates, 
number of gates available in a single IC and the 
number of inputs of a gate are given. Each IC is 
operated at 5 volt dc. 


TABLE 6 2S 


Number 

Nam£ of 
gate 

No of 
gales 

No of 
inputs 

7400 

NAND 

4 

2 

7402 

NOR 

4 

2 

7404 

NOT 

6 

1 

7400 

AND 

4 

2 

7432 

OR 

4 

2 

7486 

XOR 

4 

2 


I The pm diagrams 
are given in Fig 
6L28(a) through 
6,28(0 Note that the 
pin diagrams are the 
top view of the ICs 
(rather than thebottom 
view as in base dia¬ 
grams of transistors) 
It should also denoted 
that it is not necessary 
to use all the gates of 
an IC simultaneously. 
You can use as many 
as you want 

Before starting the 
demonstration, as¬ 
semble carefully the 
ICsontliePCBs (avail¬ 
able in the maikct for 
this purpose), each IC 
on a separate PCB, 11 is 
better to assemble the 
■IC base-socket and 
then puttlic IC in it. In 
this way you can avoid 


any damage to the IC dunn g soldering. Take out 
wiies from the terminals of V , GND, and 
inputs and output of as many gates as you want 
to use. Connect also an LED and a senes resistor 
(as in Experiment 6 26) to note the output Now 
we can demonstrate how by theiepeated use of 
NAND gates we can realise OR, AND andNOT 
gates. 

Realisation of NOT Gate A NAND gate is a two 
input gate. If we join the two inputs to make one, 
then the NAND gate lunctions as a NOT gate. 
As is evident from the circuit given in Fig 
6.28(g) and the truth table since A = B, we have 
only one input and one output just as in NOT 
gate 


7400 Quad 2-Input 
NAND Gate 

VccB 4 A4 Y4 B3A3 Y3 


7402 Quad 2-Input 
NOR Gate 

Vec Y4 B4A4 Y3 A3 A3 


■■amaii 




1 

^ /4UZ 


Aj Bi Yj A 2 B 2 Y2 GND 
Fig 6 28 (a) 

7404 Hex Inverter 
NOT Gate 

'^6 ^5 ^5 A4 Y4 


Y-j A'^ Y2 A2 BjGND 

Fig, 6 28 (b) 

7400 Quad 2-Input 
AND Gates 

VccB4 A4 Y403 A3 Y3 


y i{>j L>j 

D IC 7404 

h h h 

_ 


7408 


Al Yi 
Fig 6 28(c) 


Al Bi Yi A2 B2 Y2 GND 
Fig 6 28 (d) 
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7432 QUAD 2 Input 
OR Gates 


Vcc B4 A4 V4 B3 A3 Y3 



Ai Bi Y^ A 2 02 ^2 GND 


7486 Quad 
EXCLUSIVE OR Gate 



Ai Yi A2 02 Y2 GND 


Fig 6 28(c) 



Fig, 6 28 (g) 

Truth Table 

' A B=A Y 

0 0 1 

1 1 0 

Realisation of AND gate .Tf we use a NOT gate 
aftci aNAND gate, then we gciback AND gates 
as IS evuleiu Irom the circuit and truth table 
given in Fig, 6,2S(h). 



Fig, 6,28 (h) 
Truth Table 


Fig, 6.28 (0 

The output Y’ ofNANDgateis connected to the 
input of NOT gate made from NAND gate to 
give output Y 

Realisation of OR Gate'U we invert the inputs 
A and B bciorc applying to NAND gate, then the 
output of N AND ga te will be the same as of OR 
gate This is evident from the circuit and the 
truth table given in Fig. 6,28(i) The inversion of 
signal can be used by using NOT gates made 
from NAND gates 



Fie, 6.28(1) 

Truth Table 


A B Y’ Y 
0 0 10 
10 10 
0 110 
110 1 


A B A B Y 
0 0 110 
10 0 11 
011 01 
110 0 1 
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6.29 (Demonstration); Todemonstiate XOR 
gate. 

We can use NAND gates to build simple 
circuits for addition The most important build¬ 
ing block for adder is XOR gate The logic 
symbol and tiuth table for an exclusive-OR 
(XOR) gale is shown in Fig 6.29(a) and (b) It 
has two inputs and one output. If inputs are A 
and B, then its output is expressed as Y = A B + 
AB. 

(a) Logic symbol 



Fig 6 29 (a) 

(b) Truth Table 
A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

(c) Circuit 



Fig. 6,29 (c) 

(d) Logic Table 

A B A B AB=Y' AB=:Y" Y+Y"=Y 
0 0 1 1 0 0 0 

0 110 1 0 1 

10 0 10 1 1 

1 1 0 0 Q . 0 0 

Comparing truth table of XOR gate with that 
of OR gate, we find that in case of XOR gate 


output IS 1 only when inputs aie different. Thus 
a 1 in the output occurs when Aoi B is 1 butnot 
both Hence, the name cxclu.sive OR The 
conihination ol diffcicnt gates can be used to 
makcan XOR gate circuit. One simple circuit to 
give the XOR opciationis given in Fig, 6.29(c) 
How tins circuit performs the XOR operation is 
explained in Fig. 6 29(d), 

6.30 (Demon.stration) : To demonstrate the 
use of an Half Adder and a Full Adder. 

You have learnt binary numbers, the conver¬ 
sion from binaiy to decimal and decimal to 
binaiy numbers, in earlier classes. We shall not 
go into its details, but recall a few examples to 
dcmonstiate that binary addition can give same 
results as decimal addition, and this can be 
achieved by logic gates. 

A binary number is represented by two levels 
0 and 1, and each d igit of binary number is called 
a bit, the first digit is called least significant bit 
(Isb) and the last digit, the most signiheanlbit 
(msb). For example, a thiee bit, binary number 
and Its decimal equivalent is given below, 

1 0 1 - 1 X 2^-h 0 X 2' + 1 X 2‘ = 5 

m^b Isb convBrsion to decimal Dccinial number 

In decimal system the addition of two one 
digit numbers can give a two digit number, In a 
similar way die addition of two one bit binary 
numbers gives us a two bit binary number, the 
firstbitis designated as sum (S) which is Isb and 
the second as carry (C). The i ules of the addition 
of two one bit binary numbers arc given below. 


0 

0 

1 

1 

+ 0 

+ 1 

+ 0 

+ 1 

00 

01 

01 

10 

cs 

cs 

cs 

cs 


You can verify that if the binary bits added are 
Isb, the result represents the addition of decimal 
number [e.g. 1+1 (binary) - 1 x 2° + 1 x 2® 
' (decimal conversion) = 2 and 10 (binary) - 1 x 
2‘ + 0x2®=2]. 
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Applying these rules we can add more than 
one bit binary numbeis or more than two binary 
numbers, 

The Half Adder 

A circuit given in the Fig. 6.30(a) can add two 
one bit binary numbers A and B, and the output 
gives the Sum and Cany, The truth table given 
in Fig. 6 30(b), can be obtained by using the 
truth table of XOR and AND gates. You can 
verify that the output is addition of two decimal 
numbers, if two one bit binary numbers, both A 
and B are Isb. A two bit binary output can give 
the addition of up to three one bit binary num¬ 
bers. The highest one bit binary is 1, and the 
addition of three highest one bit number 1+1 + 
1 = 11 both Sum and Carry arc 1 

(a) Circuit 

A B 

CARRY 


SUM 

Fig. 6 30 (al 

(b) Truth Table 

A B Carry Sum 
0 0 0 0 

0 1 0 1 

10 0 1 

11 10 

(c) Logic Symbol 



The Full Adder 

Two half adders and an OR gate as shown in the 
Fig. 6.30(d) can be used to add three one bit 
binary numbers The trutli table can be obtained 
by using the truth tables of half adder and OR 
gate, and is given in Fig, 6 30(e). You can verify 
that by taking A,B,C as Isb and converting them 
to decimal numbers, their addition give correct 
decimal number as output when output binary 
number is convcited into decimal number. For 
example, sixth row of truth table inputs are 1,0, 
1 and their addition 1+0+1 = lx2“ + 0x2°+l 
X 2°) (decimal conveision) = 2 The output 
10 = 1 X 2^ + 0 X 2° (decimal conversion) = 2, The 
circuit symbol of full adder is given in Fig 
6 30(f), il has three input and two outputs. The 
output is thcbmaiy addition ol the three one bit 
binary numbers. 

(d) Circuit 

CARRV 
SUM 

Fig 6 30 (d) 

(e) Tiuth Tabic 

ABC Carry Sum 
0 0 0 0 0 

0 0 1 0 1 

0 10 0 1 
0 1110 
1 0 0 0 1 

10 110 
110 10 
11111 

(f) Logic Symbol 




Fig, 6.30 (cl Fig, 6 30(0 
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Note ThcXOR gale, ihe hall adder and the full 
adder should be made using ihc ICs which have 
been assembled on die PCBs. For noting the 
output of half and full adders, you will require 
two LEDs and two resistors. Remember you 
have already eonnected an LED and a resistor on 
each PCB. 

PROJECTS 

6.31 (Project): To make a continuity tester. 

Connect the circuit of a continuity tester as 
given in Fig 6 31 Connect the poiiiLS between 
which the continiiiiy is to be tested with llic 
probes. The glow ol the LED will indicate 
continuity 




TF 

I'lK, 6 31 


Components , 

TF 220V - 6 V lepdownliansformcr 
Dj and D^ = LEDs 
R 470 Cl, 0.25 W 



6,32 (Project); To make a multivibrator of 
small frequency using an 1C 555. 

The IC 555 is a very versatile device, mostly 
used in timer circuits whose characteristics can 
be fully controlled by external resistors and 
capacitor A typical m ul ti vibrator circu i t is shown 
m Fig 6,32(a) The LED glow repeats slowly 
with time, The pin diagram of IC 555 is given 
in Fig 6 32 (b), 

Components 

Rj 270 kn. 5%, 0.25W 

Rj 470 kQ, 5 %, 0 . 25 W 


Fig. 6 32 (b) 

R 3 1 kO, 5%, 0,25W 
C, 1.0 ptF Electrolytic 
Vcc + 5 to 10 V dc 
IC 555 

6.33 (Project) : To. make a code Practice 
Oscillator. 

The circuit for this piojcct is given in Fig. 6,33. 
It IS quite often used by the students to practise 
Morse Code for communication, Basically this 
circuit IS also a timer circuit 
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Co)nponenis 

2 7 kO, 5%, 0 25W 
5.6ka5%,0 25W 
Cj 0.1 )J,F, ceramic disc type 
100 IJ.F, 16V, Electrolytic 
S 1W, Loud speaker 

IC 555 
Vcc +5 to 10 V dc 

6.34 (Project) ‘ To make a flasher. 

The circuit for flasher given in Fig. 6.34 is also 
a tuner circuit, based upon IC 555. The LEDs 
have been used as an indicator. 

Components 

Rj 270 kQ. 5%, 0 25W 
Rj 470k£2,5%,0 25W 

1.0 |J,F, Polyester, or paper type 
D, LED (Red) 

LED (Red) 

IC 555 

Vcc +5 to 15V dc 

6.35 (Pi eject): To make an audio amplirici. 

A typical circuit for the amplification of 
audio signals.is given in Fig, 6 35, The 
signal to be amplified is fed to llie input of tills 


rig. 6 35 

circuit This circuit may be used to amplify the 
output of a tape recorder, etc. 

Components 

R 10 kQ, Lin, Carbon Potentiometer 

R^ 1 2 kQ, 5%, 0.25W 

Rj lOQ, 5%, 0,25W 

C, lOtiF 

C, 10 llF 

C, 0,1 M.F 

C„ 0.47 M-F 

Cj 250 p.F, 16V, electrolytic 
/ Cj 10 pF, 16V, electrolytic 
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S 8£1, IW, Loud speaker 
IC LM 386 
Vcc 5 to 15V dc 

6.36 (Project); To make a battery charger. 

The circuit for a battery charger is given in Fig 
6.36. The batteries to be charged are connected 
atB. A heat sink is used with transistor BD139 
to dissipate heat, otherwise the transistor may be 
damaged. 



Fig, 636 


Components 

6 8 k£2, VjW 
R^ 680n, IW 
Rj 120Q, IW 

Dj IN 4001 
Dj 4,7 V Zener 
Dj LED 
BC157 
Tj BD139 

B Batteries to be charged 
Vcc 15V dc 

6.37 (Project) To make an electronic 
harmonium. 

The circuit for an electronic harmonium which 
is also based onIC 555 is given in Fig. 6.37 The 
note select probe shpuld be touched with any 
junction of the resistors for different notes. If 
you want to make it a-litde sophisticated, then 
connect Rj to Rjj junctions with press switch. 


The note select probe should be made a common 
line. When you press a switch, say R^q, then the 
corresponding note would be selected. 



Fig 637 

Components 

R, 82kf2 

Rj 68k£2 

R, 33 k£2 
R^ 68 kn 
R, 47 kti 
Rj 47 kD 
R, 22 kn 
Rg 39k£2 
R, 33 kQ 
R^„ 18 k£2 

R,j 33 ka 
Rj^ 22 kn 
Rj3. 22 kn 
Rj^ 12 kD 

R^, 180 kn 
R^5 10 kn 

0.002 |jp, ceramic disc 
IQO pF, 16V 
S 8n, Loud speaker 
IC 555 
Vcc 5to]2Vdc 
All resistors are of 5%, 0,25W. 
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OR GATE 




Fig. 6.39 
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6.38 (Project): Tomakeyour own kit for logic 
gates using discrete components. 

Connect all the three circuits given in Fig. 6 26 
(a), (b) and (c) on a single printed circuit board. 
Only one battery is needed for this project The 
wires from the +ve and the -ve terminals of a 5V 
battery should be connected to two points on a 
PCB Then from each of these points take out 
four wires Two sets of wires should be used to 
connect the battery in AND and NOT circuits. 
The rest of the two sets of wires should be used 
as inputs 1,1,0 and 0. A wire should be taken out 
from tlie output of each of OR, AND and NOT 
gates. This'Wire should be connected to the 
anode of the LED to note the output. Only one 
LED With a senes resistor is sufficient, 

Components 

4 diodes IN 4001 

4 Resistors 2200, 5%, 0 25W 

1 Resistor 1 kO, 5%, 0.25W 

1 transistor BC 147 

ILED 

6.39 (Project) : To make your own kit for 
logic gates using ICs. 

You have already learnt from the demonstration 
(6,28) to realise different gates using NAND 
gates Take three NAND Gate ICs (No 7400) 
As you know, each IC has 4 NAND gates. So in 
total you have 12 gates. All these gates have 
been used to make 2 AND gates, 2 NOT gates 
and 2 OR gates as shown in Fig. 6.39. Here also 
you require only one 5 V dc supply and is used to 
energise all the three ICs, Two wires taken out 
from the positive terminal and two wires from 
the negative terminal will serve as inputs 1,1,0, 
andO. Only one LED with a220 Q series register 
is sufficient to be used as an indicator. 


gates. Connect the circuit as shown in Fig 640. 
Also connect two LEDs and two senes resistors 
to be used as indicators. Follow the method for 
connections as described in Project (6.39). Use 
It for demonstration to other students 

Components 
11C 7486 

1 IC 7400 

2 LEDs 

2 Resistors 220 r, 5%, 0 5W 


A 



Fig. 6 40 

6.41 (Project); To make your own full adder 
using ICs. 

Make the circui t as shown in Fig. 6 41 Demon¬ 
strate how this circuit is used as a full adder. 
Think of an alternadve circuit You have al¬ 
ready assembled 6 ICs on PCBs separately Try 
the circuit you have thought 

Components 
1IC 7404 
1IC 7408 

1 IC 7432 

2 LEDs 

2 Resisters 220Q. 5%, 0 25W 



Components ' 

3 ICs 7400 

1 LED If 

1 Resistor 220 5%, 0.25W 

■ 6.40 (Project): To make your own Half Adder 
using XOR gate and a NAND gate. 



INPUT A 


CARRY IN C 


Take ,XOR and NAND gate ICs Each IC has 4 


Fig, 6.41 


APPENDIX IS 


On Resistors 

The carbon resistors available m the market are 
very small m size and therefore it is difficult to 
print the value of its resistance on its body. So a 
colour code is panted on them in bands of differ¬ 
ent coloured paint. These bands give us the value 
of the resistor 

To read the colour code start with ihe band 
closest to one end or if ills difficult to work out, the 
band farthest from the gold or silver band Consider^the 
resistor shown in Fig. A.lSfa) Let us say that the fust band 
IS brown from the table—ARC this means 1 If the second 
band is grey, ihcn its value is 8 from the table. And finally 
if the rhird band is red we have a value of2,soweadd2 zeros 
10 the first two figures; 1, a, and 00 or 1800 fl. 

- H3 m> - 


— BAND ONE-lsl FIGURE OF VALUE 
—BAND TW0-2nd FIGURE OF VALUE 
—BAND three-number OF ZEROS MULTIPLIER 
-BAND FOUR-TOLERANCE (±"/.) SEE BELOW 
RED Z'/.^COLD 5 V. 5 SILVER 10"/.jNO BAND 20"/.. 

Fig, A IS [b) 

Tolerance band,colours are Red 2%, gold 5%, silver 
10%, and no band means 20%. The colour codes have been 
Ulustraled m Fig A. 15 (c). 

The resistors of aE values are not available. Keeping the 
tolerance in mmd, the system of preferred values was 
developed to provide a logical progression Each higher 
value always represents an increase by the same factor or 
percentage. 

Preferred values for 10% resistors are as foEows ! 


Resistor and/lapadtor Value Codes 



BROWN GRAY RED GOLD 

1 8 00 5"/. 

e 

Resistor Is 1800 ohmsj 5 “/. 
or 1.8 hil 

Fig. A.15(«) 

The fourth or the tolerance band is gold, it means 5%. 
Therefore the resistor is IBOOfl ± 5% or somewhere be¬ 
tween 1710£1 and 189012, The procedure of reading a rcsis- 


10 

12 

15 

18 

22 

27 

33 

39 

47 

56 

68 

82 





Preferred values 

for 5 % resistors are 

as foUows 

10 

11 

12 

13 

15 

16 

18 

20 

22 

24 

27 

30 

33 

36 

39 

43 

47 

51 

56 

62 

68 

75 

82 

91 


On Capacitors 


lor is iflustrated in Fig A,15 (b). 


GRAY 


temperature coefficient 


black 


BROWN 


RED 


□ RANGE 


YELLOW 


GREEN 


BLUE 


YIOLET 




The capacitance values are generally printed on the body of 


xln./pF 


ilSJL 


»100 H 


*0.01 pF 


Tolerartce | 



n 

±5't. 

GOLD 

—— 

±2 Vi 

BED 

OlOpF 

i 

T _ 

±20 Vi 

BLACK . 

±10 •/. 

WHITE 


green 


RED 

■ 

Esm 

BROWN 

± pF 

WHITE 

±0 5 pF 

GREEN 

±0,25 pF 

REO 


1 - 1 



100 

iiS^H 



250 

IL^. 

—1 

YELLOW 

400 


BLUE 

630 
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Ihc capacitors But several capacitor mariufaclurers use the 
colour code which is same as that for resistors. The method 
of reading the colourcodeis also the same, The colour code 
IS worked out in picofarads 

Some capacitor manufacturers follow a different code 
as IS mentioned in Fig, A, 15(d) In thjs example, the printed 


value IS ‘104K’ Ihc first two figures give us 10, the third 
figure gives us 0000, and K stands for 10%, Therefore the 
value of the capaciions 10, 00000 pT * 10% There may be 
anolherfiguremarked on the body This figure signifies the 
maximum voltage at which the capacitor can be used 



1st FIGURE OF VALUE 

,1 

;2nd FIGURE OF VALUE 
NUMBER OF ZEROS/MULTIPLIER 

•TOLERANCE (±7.).SEE BELOW 
TOLERANCE CODE M= 20 7.^ K = 10 7 ,3 
J = 5 7.^ C = + 0.25pF. 

MAXIMUM WORKING VOLTAGE 


I'll! \15((l) 
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EC B C 



Fig A 16 (a). Rotlom view ol ioiiio iran.sLsiorji, Note lliai tlie pin ciiniicehoni may lary iillh difl'crcnt manufac¬ 
turers It Is advisable to refer to Hie in.inul.utiirer’s data sheet 
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HD- "{ h 
^4" “W" 'I4' 


HE> Q i// 

:Jf -M- 

Fig A 15(b). Sbapcs of 9oino diodes' iiltiiig lU/li tlicir sriiibiils 



Fig. A 16(c) Shapes III iiiiiu’ li,iihlstiirs and IC 



Data on Selected Solid State Components 


1 

I 


'T3 

B 

O 


d 


a 

i{ 

E- u 
O 

S' 

(d 

ea 


5. 3 E 

E - Q 

Q U° 






S U 
‘2 u 




’8 s. a 

a (3 g 


(D > 


e s 


e (I 
d >" 


qO o 

a n < 

° s“ E 
> (§) 


.f 1“ 


5 y 


o § 

H. 


&. 'S 


V. t 

O 3 
U 


^ > 


u 

OA 

> 4 >■ 
(S > 


I 

II 


(S 


s 


oo »—• I—. 


o ^ 


n 

o 




»n 

Ti- 

o 


^ C'l 
o o o 


o 

OOOOOO^OOACSOO o 


9 , 


S 2 


i iC S S ® 1C a S R g p « !C « |G » 

I'^ItI + ItItItItItI 


\n 

r ■; 


o 

w-» 


o 


o 


s g 


n 


3 

3 

a 

•0 


s 





I 


I I 


n 

I 

> 


s. 


s 

o 


s s 






B 

U -B 


a g 

g I 

e—< 

S' 

u 


E 

rS c3 <a> 


^ a> -< 
S Sf *o 

-S JV 

t£ sS <§; 


C_) 

a 

a 

fill) 

c 

ts 


o 

JS 

-< 


7- t-> 


g . 

CL- r \ 

i g ^ 


^ B 


O 

^ 1 r 


^ C OA 

^ -3 ' 

a o 

sx: (£ p» 


« o ^ 
e«4 >► 


S 


■i 

i 




s 


S 

nO 


«tu 

a 

tS 

u 

'3 






-y -y 

E-: 12 &- e e-5 

S g .S Si .S 

12 a e a (? 

o 3 oJ aj ^ 

PBj *3 >S « 



BY127 MainsrecuficniiiT.V & 800 1250 1 0 40 150 60 1 5 10 PlasticEncap- 

Bioadcasi Rccciven sulaLwi 


PHYSICS LABORATORY MANUAL 


TABLE 3 

(SCL) Silicon Zener Diodes 


Type No 

Outline 

Nornina] 
Zener 
Vollage (V) 

Rx Typ, 

@ lOmA Pj 
(ohms) (VV) 

ESZ 4,7 

TO-106 

47 

12 

0 20 

ESZ 5 1 

TO-ia6 

5,1 

12 

Q20 

ESZ 5 6 

rO-106 

5 6 

12 

0 20 

ESZ 6 2 

TO-1Q6 

6 2 

12 

0 20 

ESZ 6 8 

TO-106 

6 a 

12 

0,20 

ESZ 7 5 

TO-1Q6 

75 

12 

0 20 

ESZ 8 2 

TO-106 

8 2 

12 

0 20 

ESZ 9 1 

TO-106 

9 1 

12 

0 20 

ESZ 10 

TO-106 

10 

12 

0 20 

ESZ 11 

TO-106 

11 

12 

0 20 

ESZ 12 

TO-106 

12 

12 

0 20 

SZ4 7 

ro-iB 

4,7 

12 

0 33 

SZ5 1 

TO-18 

5,1 

12 

0 33 

SZ5 6 

10-18 

5 6 

12 

0 33 

s’Z6 2 

'10-18 

6 2 

12 

0 33 

SZ6 8 

TO-18 

6 8 

12 

033 

SZ7 5 

TO-ia 

7 5 

12 

0 33 

SZ8 2 

7 0-18 

8 2 

12 

0 33 

SZ9,1 

TO-18 

9 1 

12 

0 33 

SZ 10 

TO-IB 

10 

12 

0 33 

SZ 11 

TO-18 

11 

12 

0,33 

SZ 12 

3 0-18 

12 

12 

0,33 

TSZ 4 7 

TO-5 

47 

12 

0 75 

TSZ 5,1 

TO-5 

5 1 

12 

0 75 

TSZ 5,6 

3 0-5 

5 6 

12 

0 75 

TSZ 6,2 

TO-5 

62 

12 

0 75 

TSZ 6,8 

3 0-5 

6 8 

12 

0,75 

TSZ 7,5 

TO-5 

7 5 

12 

0 75 

TSZ B 2 

3 0-5 

8 2 

12 

0 75 

TSZ 9,1 

TO-5 

9 1 

12 

0 75 

TSZ 10 

l'0-5 

10 

12 

0 75 

TSZ 11 

TO-5 

11 

12 

0,75 

TSZ 12 

TO-5 

12 

12 

0,75 

TSZ 15 

3 0-5 

15 

20 

0,75 

TSZ 16 

TO-5 

16 

20 

0,75 

PSZ 12 

TO-4 

12 

4(lil 100mA 

10 

PSZ 15 

TO-4 

15 

4@ 100mA 

10 

PSZ 16 

ro-4 

16 

4@I00mA 

10 


ESZ, SZ and TSZ lypes are available ui ±5% tolerance 
PSZ type? are aviilahle in ± 10% tolerance 



(BEL) Low Frequency Sihcon Transistors 
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(BEL) High Frequency Silicon Transistors 
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(BEL) Germanium Low Frequency Transistors 
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